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ANDESITE AND RHYOLITE PORPHYRIES .... Tertiary (?) 


| SRESTHAPUTRA (V.), Buravas (S.), Brown (G. F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. Mem. 
Geol. Surv. r. Dept. Mines (Thailand), n° 1, pp. 46-47. 


Andesite porphyry in stocks, dikes, or flows cut by younger 
rhyolite porphyry in dikes and small flows, crops out near Sara 
Buri, northeast of Lop Buri, west of Petchabun, and east of 
Uttaradit. The andesite is generally green or purple and the rhyo- 
lite is buff or yellow. The andesite porphyry has intruded the 
‘Korat series and older rocks, and to the west of Petchabun it 
apparently transects the diorite while north of Lop Buri the 
rhyolite is found intruded by basalt. The andesite porphyry and 
rhyolite porphyry thus appear to be younger than the diorite but 
older than the basalt. (V. SETHAPUT). 


BASALT O A o A AN Tertiary 


| SRESTHAPUTRA (V.), Buravas (S.), Brown (G. F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. Mem. 
Geol. Surv. r. Dept. Mines (Thailand), n° 1, p. 47. 


| The Thailand basalt occurs in many widely scattered areas as 
local lava flows, dikes, and plugs. Perhaps the largest basalt flow 
in the Kingdom extends for about 20 kilometers along the Thai 
Slate Railway to the east of Lampang. The flow has been little 
touched by erosion and appears to be relatively young. At kilo- 
1 610, 3, about 500 m west of Mae Moh station, a railroad 
cut about 10 m deep in the eastern margin of the flow. The upper 
m of the cut discloses platy vesicular basalt. Lying beneath 
is is a bed of basaltic glass shards, pellets, and granules and 
asalt ellipsoids. These ellipsoids are as much as 1 m in diameter 
d are arranged in « foreset » bands which dip to the east. Indi- 
vidual ellipsoids generally show a core of dense fine-grained 
basalt having plagioclase laths as long as 2 mm and showing well- 
evelopped polygonal fractures. Surrounding the core is vesicular 
asalt and then a rind of ropy lava on the outside of the ellipsoid. 
A short distance farther west this same basalt bed passes into a 
assive flow of columnar basalt. Thus the relations suggest that 
e basalt flowed eastward into a small shallow body of water 
d consequently developed the ellipsoidal and foresaid structures. 
Elsewhere in Thailand basalt crops out southwest of Sukho- 
thai, northwest of Lop Buri, to the south of Sisaket, and in exten- 
JS sheet south of Buriram. The sapphire and ruby placers of 


e Chanthaburi region are associated with several scattered plugs 
d local flows of nepheline-olivine basalt, as are sapphire placers 
to the north of Kanchanaburi. 


| 
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(Basalt, continued) 


The basalt flow and plugs of Thailand are definitely post- 
Korat in age and are probably related to Tertiary volcanic acti- 
vity which occurred in Indochine and other neighbouring countries. 
However, this basalt apparently lies upon the Tertiary beds of 
the Mae Moh basin which shows marginal hardening by the heat 
from basalt. Therefore if these Tertiary beds belong to the late 
period (Pliocene) the age of this basalt could be placed as Pleis- 


tocene. (V. SETHAPUT). 


DIORITE AND QUARTZ DIORITE ................ Tertiary 


SRESTHAPUTRA (V.), Buravas (S.), Brown (G. F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. Mem. 
Geol. Surv. r. Dept. Mines (Thailand), no 1, p. 46. 


Diorite and quartz diorite in bosses, stocks, and small batho- 
liths intrude the Korat serie and older rocks to the east of 
Prachin Buri north of Lop Buri, northwest of Petchabun, and 
northeast of Chiang Rai. With the dioritic intrusive rocks to the 
northeast of Lop Buri and east of Prachin Buri are associated the 
gold lodes and placers of Tha Tako and Krabin (Buravas and 
Buravas, 1941, pp. 1-10). The contact-metamorphic iron deposit 
of Khao Thap Khwai, about 20 km north of Lop Buri, is also 
related to a diorite stock. Elsewhere gold placers or lodes are 
characteristically associated with the dioritic intrusions. Because 
of their relations with the Korat series and other rocks the 
dioritic intrusive rocks are assigned to the Tertiary. 

(V. SETHAPUT). 


GNEISS AND SCHIST .................... Pre-Permian (?) 


SRESTHAPUTRA (V.), BURAVAS (S.), Brown (G. F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. Mem. 
Geol. Surv. r. Dept. Mines (Thailand), n° 1, p. 43. 


Gneissic and schistose rocks occur in several areas of Thai- 
land. Along the western side of the Kingdom such rocks crop out 
in an elongate band to the west of Chiang Mai, west of Tak, in a 
small area northwest of Kanchanaburi, in the Hua Hin area to 
the south of Phet Buri, and to the west of Surat Thani. These 
areas are alined in a general north-northwest direction coinciding 
with the gneissic trend. There are also large outcrop areas in 
Changwats Chon Buri and Rayong and in the northwest corner 
of the Korat Plateau to the northeast of Loei. 

(V. SETHAPUT). 


GRANITE (Older and younger) ... Triassic and Cretaceous (2) 


SRESTHAPUTRA (V.), BURAVAS (S.), Brown (G. F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. Mem. 
Geol. Surv. r. Dept. Mines (Thailand), no 1, pp. 44-46. | 

Granite is by far the most extensive igneous rock with crops 
out in Thailand. It occurs in stocks and batholiths intruding Pa- 


| 
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¡the surface by their erosion. It is believed that granite forms the 
¡core of most of the western mountain ranges, and where cupolas 
are developed concentrations of minerals of economic importance 
may be present. 
| In most places the rocks are biotite-muscovite gneiss with 
augen of feldspar. Associated with the gneiss is mica schist which 
| is mostly biotic along the western side of the Kingdom and mus- 
covitic in the east. To the west of Tak, Hem and HrRscHi (1939, 
pp. 4-6) describe bands of augen paragneiss or gneissic granite 
‘interbedded with mica schist and phyllite, cut by small dikes and 
‘veins of pegmatite, tourmaline and aplite, and striking to the 
‘northwest. Similar relations are observed in the outcrop area to 
the west of Chiang Mai. The paragneiss apparently originated 
¡through bed-by-bed injections of granitic melt into shale and 
‘sandstone probably belonging to the Kanchanaburi series. Ortho- 
‘gneiss occurs in other areas. Near Bang Saen in Changwat Shon 
‘Buri are extensive outcrops of banded micaceous granite gneiss 
with conspicuous augen or porphyroblasts of feldspar. Injected 
along the foliation are lenses and interrupted stringers of peg- 
[matite containing pockets of muscovite and occasional small crys- 
tals of beryl. Thin but conspicuous veins of black tourmaline that 
transect the gneiss at angles oblique to the foliation are common, 
land in places the rock is cut by massive quartz dikes. 
| In a number of places the gneissic and schistose rocks are 
linjected into sediments apparently belonging to the Kanchanaburi 
series, and near Kanchanaburi gneiss is unconformably overlain 
by Rat Buri limestone. The rocks are therefore tentatively classi- 
fied as pre-Permian. 
| In the north and west there are several granite ranges trend- 
| ch in a general north-south direction. The great range west of 
c 


|leozoic and Mesozoic sedimentary rocks and has been exposed at 
| 
| 
| 


¡Chiang Mai shows exposures of granite in several places extending 

om Pai far south to Amphur Mae Sot. Another granite range 
begins about latitude 15° N and continues south through Chang- 
ats Kanchanaburi and Prachuap. A broad and continuous belt 
lof granite starts at the Shan States frontier to the northeast of 
Muang Fang and follows a sinuous course south at least to the 
un Tan tunnel in the latitude of Lampang. However, it is very 
ikely that this belt continues much farther south through Tak to 
e northern edge of Changwat Kanchanaburi. 


In Peninsular Thailand there are six main granite ranges 
hich lie in echelon. The most important of these extends, with 
inor breaks, from Ranong south to the island of Phuket. It is 
ociated with the richest and most productive tin fields of the 
ingdom. Second in importance it is the range which begins on 
e islands of Phangan and Samui and continues on the mainland 
from Sichon to Satun in a southernly direction. Another belt of 

anite crops out east of Hat Yai and south of Songkhla and is 

elieved to extend south into Malayan Kedah at Bukit Kachi. 
South of the railroad near Na Pradu, granite is exposed for about 
5 km and can be traced south by way of exposures in tin mines 
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(Granite, continued) 


to Betong and into Malayan Perak. Another granite range begins 
in the Sai Buri district and extends south into Kelantan. The last 
of the six is the granite range of Toh Moh along the Talubain 
river. This range is actually an extension of the main range in 
Kelantan with which gold deposits are associated. 

In southeastern Thailand, granite is exposed in several areas 
of which those in the Chon Buri and Chanthaburi regions are the 
most extensive. The granite in the Chon Buri region lies in the 
mountain range which is near the eastern coast line of the Gulf 
of Thailand and extends from Chon Buri in the north to Rayong 
in the south. East of this range is the granite of the Chanthaburi 
region which is exposed in Khao Glad and Khao Sa Bap near 
Chanthaburi and can be followed discontinuously to the north in 
Khao Soidao through Ban Nam Khun and probably as far as 
Changwat Prachin. Another granite area lies to the northwest of 
this, and yields some gold. 


There is considerable evidence to indicate that the granitic 
intrusive rocks of Thailand are of two distinct geologic ages and 
slightly different from one another mineralogically. The older 
intrusions are commonly hornblende-biotite granite, with horn- 
blende usually mor abundant than biotite. To the northeast of 
Maung Fang in the canyon of the Mae Gok, HIRScHT and Hem 
(1938, p. 484) described an older intrusion as coarse-textured por- 
phyritic biotite granite with orthoclase phenocrysts as much as 
41/4 centimeters long. The biotite is brown and shows well-de- 
fined pleochroic haloes. The border facies of the intrusive rock 
are fine-textured aplitic granite, with hornblende and tourmaline. 
Associated with the older granite intrusions are mineralized zones 
containing gold, copper, molybdenum, iron, antimony, lead, and 
zine ores. Gold lodes are characteristic, and in place important 
deposits of antimony, lead, and zinc are genetically related to the 
granite. Apparently the mineralization of tin has been rare or 
absent. 

The younger intrusions are generally binary granite, with 
muscovite usually as abundant or more abundant than biotite. 
Hornblende is generally present; zircon, apatite, and tourmaline 
are common accessory minerals. Almost all of the tin and tung- 
sten deposits of Thailand are associated with the younger granite 
intrusions. 

On the basis of available geologic evidence, nearly all of the 
granite bodies of central, eastern, and northern Thailand are 
considered to be older intrusions, commonly of hornblende-bio- 
tite granite. A notable exception is the younger granite stock with 
which are associated the important tungsten and tin deposits of 
Amphur Mae Sariang in Changwat Mae Hong Son. In Peninsular 
Thailand only two granite bodies considered to be older intrusions 
have been recognized-one to the north of Krabi and the other 
to the south of Narathiwat. Neither of these granites is apparently 
tin-bearing. Elsewhere in Peninsular and south central Thailand 
the granite intrusions are apparently younger. 
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The older granite has been assigned a tentative Triassic age 
because it intrudes Paleozoic rocks and is unconformably overlain 
by sandstone and shale of the Korat series in at least three widely 
spaced localities in Thailand. The younger tin-and tungsten- 
bearing granite has intruded and metamorphosed the Khorat sedi- 
mentary rocks in the Peninsular region. Moreover, in Burma 
(CHHIBBER, 1934, p. 294) and Malaya (Scrivenor, 1931, pp. 19-23) 
there is considerable evidence that correlative granitic intrusions 
are of Late Cretaceous or Early Tertiary age. The younger gra- 
nite in Thailand has therefore been assigned to the Late Cre- 


taceous period. (V. SETHAPUT). 


KAMAWKALA LIMESTONE ..................... Triassic 


Correr (G. de P.) (1923). The oil shales of eastern Amherst, 
Burma with a sketch or the geology of the neighbourhood. Ind. 
geol. Surv. Rec., vol. 55, pt. 4, pp. 275-286. 

In the Mae Sot basin. In the vicinity of Mae Sot the Kamaw- 
kala limestone or what is believed to be the Kamawkala limestone 
is composed of dense grey impure limestone; quartzitic red sand- 
stone, and conglomerate, and contains fossils of early Middle 
Jurassic age, according to IMLAY. A comprehensive study by se- 
veral European geologists of corals, brachiopods, lamellibranchs, 
ammonites, sponges, calcareous algae, crinoid stems, echinoid spi- 
nes, and a large gastropod led J. W. GREGORY of the Geological 
¡Survey of India to assign an age of Late Triassic, « not more than 
the Carnian and the Norian », to the Kamawkala limestone (GRE- 
GORY, 1930, pp. 155-167; WEIR, 1930, pp. 168-173; TRAUTH, 1930, 
pp. 174-176; Pra, 1930, pp. 177-181). (V. SETHAPUT). 


KANCHANABURI SERIES . Silurian to Early Carboniferous ? 


| SRESTHAPUTRA (V.), BURAVAS (S.), Brown (G. F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. Mem. 
¡Geol. Surv. r. Dept. Mines (Thailand), n° 1, pp. 32-33. 


| Clastic sediments, in many places metamorphosed to slate, 
phyllite and quartzite, extend in Thailand from the Shan States 
border southward along the western side of Thailand to the 
Malay border. Large areas in northern Thailand are underlain by 
these clastics which have been intensly folded and may include 
sediments of diverse Paleozoic age. Wherever limestone of Per- 
mian age is present in the Kanchanaburi series disconformably 
pa hag it, but relations with older beds are obscure. However, 

LEE found 2, 900 m of shale, sandstone, and sandy shale, here 
BA to the Kanchanaburi series, above the Thung Song lime- 
stone in Peninsular Thailand. These sediments underlie a thin- 
bedded limestone 60 meters thick which may be the lower part 
of the Permian sequence, although massive Permian limestone 
with fusulinids lies 2,350 m higher in his section. A well-exposed 
section, at least 1,000 m thick, of phyllite capped by quartzite 
'was found on top of the Thung Song limestone in the island of 
Ko Lanta Yai, southeast of Krabi. This is believed to belong to 


| 
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(Kanchanaburi, continued) 


the Kanchanaburi series. In northern Thailand the series appears 
to be as thick as in the south, but tight folding and faulting make 
accurate measurement impossible. The rocks of the Kanchanaburi 
series are generally deeply weathered, but along stream beds the 
slate or shale, phyllite or argillite, and quartzite or sandstone are 
uniformly dark gray-green. 

Fossils from siliceous, fine-grained sedimentary rocks assigned 
to the Kanchanaburi series have been described by F. R. COWPER 
Rep (1920, pp. 113-120, 172-178) and assigned to the early Car- 
boniferous age. The fossil locality was described as a small quarry 
- at Kuan Lin Soh or Kuan Sim Loh in Changwat Phatthalung 
Peninsula Thailand. A place 16 km west of the railroad station at 
Phatthalung has the name of Kuan Dinso (Slate Hill) and might 
be the same vicinity from which came the fossils described by 
Reep although a recent search for fossils there was in vain. Fossils 


from reddish-gray shale of the Kanchanaburi series have also 


been found recently near Na Suan, King Amphur Si Sawat in 
Changwat Kanchanaburi. Miss Duncan has noted that the « pte- 
ropods » that occur to this locality are similar to forms identified 
by Parte and REED as Tentaculites elegans Barrande and by 
MANSUY, Parre and REED as Styliolina clavula (Barrande). Miss 
Duncan made the following comments regarding the probable 
age of these fossils : 

The Tentaculites shales have been reported from a number of 
localities in southeast Asia. The reliability of the identifications 
of these « pteropods » with BARRANDE's species is perhaps to be 
questioned, but we have, and probably it is also true of the other 


reported occurrences, rather poorly preserved and inadequate ma- 


terials to study. Owing to the fact that BARRANDE’s species occurred 
in the Eifelien and Givetien of Europe, Mansuy and PATTE referred 
the tentaculite shale of Indo-China to the Devonian. The Tenta- 
culites beds of the Shan States are placed in the Zebingyi series. 


The lithologic character of the Siamese specimen appears to be i 


identical with the « pinkish sandy shales» that carry the tenta- 
culite fauna in the Shan States (REEp, 1915, pp. 95, 98; 1936, pp. 


117-118) where Silurian graptolites have been found in association 
with Tentaculites elegans and Styliolina clavula. It therefore 
seems highly probable that the so-called Tentaculites shales are | 


of Silurian age. 


The meager paleontologic evidence now available indicates 
that the Kanchanaburi series contains rocks that range in age from 
probable Silurian to Early Carboniferous (2). Devonian beds may | 
be included, but as yet no collections of Devonian fossils have 


been obtained from the Kanchanaburi series. 
(V. SETHAPUT). 


CTF Triassic and Jurassic 


SRESTHAPUTRA (V.), Buravas (S.), Brown (G. F.) (1953). Geo- | | 
logic reconnaissance of the mineral deposits of Thailand. Mem. 


Geol. Surv. r. Dept. Mines (Thailand), no 1, pp. 36-38. 
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| 
| 
| 
| 
| A thick deposit of continental sandstone and conglomerate 
| covers most of eastern Thailand and forms the bedrock of the 
1 Korat Plateau. Similar beds occupy parts of intermontane valleys 
| | in northwestern Thailand and extend south along the west coast 
| of the Gulf of Thailand. In the extreme southern part of Penin- 
' | sular Thailand, quartzite, phyllite, and crumpled blak shale form 
J the northern extensions of beds recently mapped in Malaya by 
the Geological Survey Department of Federated Malaya (INGHAM 
| and others, 1948) as Triassic. Such an age assignment seems pro- 
- | bable in part for the Korat series, which lies above and in contact 
| | with the Permian Rat Buri limestone at Mae Ping Gorge south 
of Muang Hot (Hócsom, 1914, p. 99) in northern Thailand and 
east of Laem Kruat and on the island of Hang Naga in Peninsular 
t | Thailand. The top of the beds is marked by a widespread erosional 
y | surface on which Tertiary deposits (in the intermontane valleys) 
and Quaternary alluvial deposits lie. LEE (1927, p. 411) gives a 
thickness of 1,200 m in the Korat Plateau and 366 m for beds 
above the Rat Buri limestone in Peninsular Thailand. About 500 m 
of the lower beds are exposed on the east flank of the Mae Fang 
¡basin and more than 2 000 m, including the Kamawkala limestone 
|of the Korat series, have been measured at Mae Sot. 
| The Korat series, includes beds of gray-green sandy shale, 
and marly, thin limestone beds, nodular and concretionary (except 
the massive Kamawkala limestone at Mae Sot), as well as red 
and violet sandstone, conglomerate and shale, which form the 
¡bulk of the sedimentary rocks. The conglomerate locally contains 
limestone pebbles and cobbles derived from the Rat Buri lime- 
stone. Wells or springs of salty water in the Korat region suggest 
that salt deposits may be found at depth in the series. HóaBom 
(1914) also found some tuffaceous beds east of Uttaradit, and gyp- 
sum lenses crop out in Amphur Nam Pat. Lignite fragments and 
carbonaceous shale are also found in the Korat region. Pebbles in 
the conglomeratic facies of the Korat series are composed of 
quartz, obsidian, and locally of feldspar fragments. The calcareous 
and argillaceous facies occur mostly in the lower part of the 
series. All of the known manganese deposits in Thailand are 
associated with the Korat series. 


Fossils, other than petrified wood, found throughout the Korat 
Plateau are scarce and only two fossiliferous localities are known : 
A sandy layer at kilometer 60 on the Lampang-Chiang Rai high- 
way in northern Thailand contains pelecypods identified as Dao- 
nella by HEIM and HIRSCH (1939, p. 6), or as Halobia by R. ImLaY 
(persohal communication) of the United States Geological Survey. 
A collection submitted to the United States Geological Survey in 
1923 by W. LEE from the roadside 8 km south of Chiang Rai near 
the northern border of Thailand was described by T. W. STANTON 
as follows : 

Pelecypods: Hoernesia ? sp. probably 2 or 3 species; Macro- 
don? sp.; Myophoria radiata v. Loczy; Myophoria sp. related to 
M. laevigata v. Albrecht; Myophoria sp. of same group as last but 
¡more elongate; Trigonodus ? sp. 
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(Korat, continued) 


Gastropods : Two or three undetermined genera. 

The fossils are not very well preserved, but enough of them 
are identifiable to make it certain that they are of Triassic age 
and probably Middle Triassic. The fauna is similar to that des- 
cribed from the Triassic of Tonkin. 

The Kamawkala limestone, first described by Correr (1923, 
pp. 275, 286) in the Mae Sot basin, is shown as a formation in 
the Korat series. 

Limestone beds nearby, possibly belonging to the Korat se- 
ries, contain fossils of Late Jurassic or Early Cretaceous age, 
according to W. LEvPoLD (in Hem and HIRScHT, 1939, p. 12). 
IMLAY identified Erycites sp., Tmetoceras sp., and Ludwigia sp. 
from these beds at Ban Yang Puteh and those 5 km east of Ban 
Mae Kon Ken, about 23 km southeast of the southernmost locali- 
ties described by COTTER. Limestone beds interfringe brown and 
red quartzitic sandstone and conglomerates and apparently are 
conformable with the underlying and overlying continental beds. 
Hem and HIRSCHI (1939, p. 12) report a thickness of more than 
1000 m for the limestone which is folded. It appears to be a ma- 
rine tongue intercalated in the Korat series. 

Widespread evidence suggests that the Korat series includes 
beds of Triassic and Jurassic age, but also may include beds of 
Permian as well as Cretaceous, age or younger. Quartzitic rocks 
mapped as part of the Kanchanaburi series in northern Thailand 
may prove to belong to the Korat series where the clastics have 
been metamorphosed by granitic intrusions, Apparently the lower 
part of the series has been folded less intensely in western 
Thailand than the Kanchanaburi series, but as intensely as the 
Kanchanaburi in the region east of Uttaradit. The younger sand- 
stones and conglomerates on the Korat Plateau are flat-lying or 


gently folded. (V. SETHAPUT). 


KRA BL SERIES . letal Upper Tertiary ? 


SRESTHAPUTRA (V.), Buravas (S.), Brown (G.F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. Mem. 
Geol. Surv. r. Dept. Mines (Thailand), n° 1, p. 40. 


Beds comparable in age to the Mae Sot series but containing 
some marine fossils have been found in eight basins in Peninsular 
Thailand. The basins are at Kiansa, southwest of Surat Thani; at 
Hin Rao, east of Phangnga; at Hang Nak, west of Krabi; at Krabi; 
at Sinpun, northeast of Krabi; at Kantang, southwest and west 
of Trang; at Bukit Arang, south of the railway junction at the 
Malay (Perlis)-Thai border and at Betong on the Malay Thai 
border. The sediments, all of which include lignite beds, are best 
known near Krabi where they are being exploited for coal. 

The Krabi series lies unconformably on the Khorat series at 
Kiansa, Krabi, Sinpun, Kantang, Bukit Arang, and Betong. At 
Hin Rao and elsewhere the Krabi series lies on the Permian Rat 
Buri limestone or older rocks. Recent alluvium covers most of 
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the series, restricting out crops to stream beds and beaches. Thus, 
thicknesses cannot be measured except with the drill. However, 
SCRIVENOR (1931, pp. 114-118) gives the greatest thickness of simi- 
lar coal-bearing beds as more than 88 meters. At Krabi a mini- 
mum thickness of 175 meters is based on the assumption of uni- 
form dip and no repetition by faulting or folding beneath the 
alluvial cover. 

The lowermost beds exposed at Krabi comprise sandy shale, 
coal, and marl about 125 m thick and underlie 30 to 50 m of marl, 
bituminous shale, gypsum, and marine limestone. In other basins 
the sediments are composed of clay, sand, an gravel, locally coal- 
bearing and locally containing thin beds of marl or limestone of 
marine origin. Because the Krabi series has accumulated in active 
‘structural troughs or grabens the beds are tilted and folded — 
as much as 35° in a place now being explored for coal. LEE (1923, 
Pp. 8) reports dips as great as 80° at Hin Rao where the coal is 
found in down-faulted troughs resting on the Rat Buri limestone. 
| Marine gastropods of late Tertiary or possibly Pleistocene age 
are found in marl and limestone a few meters above the coal at 
‘Krabi. Similar fossils have been found at Surat Thani on the east 
coast. 
| (V. SETHAPUT). 


(MAE SOT SERIES ME iene coco Upper Tertiary ? 


| SRESTHAPUTRA (V.), Buravas (S.), Brown (G.F.) (1953). Geo- 
logic reconnaissance of the minerai deposits of Thailand. Mem. 
Geol. Surv. r. Dept. Mines (Thailand), n “1, pp. 38-40. 
| Lacustrine or fluviatile sediments are known in six inter- 
‘montane basins of northern Thailand and probably underlie a 
seventh. At Mae Moh and Mae Chang near Lampang, clay shale, 
sand, and marl beds of the Mae Sot series are reported to contain 
lignite-bearing sediments in a zone as much as 6 m thick. Similar 
sediments are found north of Chiang Mai in the valley of Mae Rim 
land in the basin of Amphur Pai as well as in the Lampang basin. 
Exposures are meager, mostly along the banks of incised streams 
or in the low foothills of the surrounding mountains. In the 
Mae Fang basin in the extreme northern part of Thailand the 
tilted carbonaceous sediments are not exposed but they have been 
reported in drilling records. The best exposures are those of the 
Mae Sot basin which have been studied for possible commercial 
extraction of petroleum, and after which the series are named. 
Where the relations can be observed the Mae Sot series rests 
disconformably on the Korat series and older rocks and dis- 
conformably underlies Quaternary alluvial and terrace deposits. 
8 of thickness are likely to be uncertain because the beds 
ere deposited in active structural troughs or basins. About 200 m 
of beds somewhat similar to the Mae Sot series were encountered 
in drilling operations in the Mae Fang basin and more than 430 m 
of stratigraphic section have been measured at Mae Sot; both 
thicknesses should be considered as minimum. 


1 


| 
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(Mae Sot, continued) 


The basal Tertiary beds at Mae Sot are composed of fossilife- 
rous fresh-water limestone interbedded with sandstone and con- 
glomerate. The upper portion is limestone, sandstone, oil shale, and 
at the top, limestone or calcareous sandstone. Bands and lenses of 
gypsum as much as 30 cm thick are found scattered throughout f 
the sediments. In other northern basins the beds are semi consoli- 
dated silt, clay, sand, marl, and gypsum. The series has been 
gently folded, but dips of as much as 40° occur in the Mae Sot © 
basin and as much as 30° in the Lampang basin. | 

Fresh-water mollusks from the limestone of Mae Sot have | 
been identified by TENG-CHIEN YEN of the United States National 
Museum as Viviparus sp., Taia cf. T. naticoides (Theobald), Mar- 
garya cf. M. francheti Mabille, Oncomelania cf. O. fragilis Annan- 
dale, Hydrobia sp., and Stenothyra sp. According to Yen, these | 
indicate a Pliocene or Pleistocene age. i 

Fossils from the oil shale of the Mae Sot series include fish 
of the ostariophysian family Cyprinidae, according to D.H. DUNKLE 
of the United States National Museum who comments on them as 
follows : 

« The fossil remains of cyprinids are of common occurrence 
in the fresh-water sediments ranging in age from the Paleocene ` 
to the Present, and are of cosmopolitan distribution. In south- 
eastern Asia specificially, they have been reported from the 
Siwalik hills, India; from Laos, Indochina; and from various loca- 
lities in the Dutch East Indies. All have in common, however, a 
late Tertiary assignment. It may, in consequence, prove permis- 
sible to assume a similar Tertiary age for the present specimens 
from Thailand. » 

Insects, undeterminable dicotyledons, and a legume similar to 
Mimosites are found in limestone beds above the oil shales at 
Mae Sot. Vertebrate fragments and teeth, leaves, small plates 
resembling turtle plates, and fresh-water gastropods are reported 
from borings in the Mae Fang basin (LEE, 1923, p. 11). 

Most of the fossil evidence suggests a late Tertiary age for the | 
Mae Sot series, probably Pliocene, although some of the beds may ` 
prove to be Pleistocene. (V. SETHAPUT). 


MAFIC AND ULTRAMAFIC ROCKS ........... Triassic (?) 


SRESTHAPUTRA (V.), BURAVAS (S.), Brown (G.F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. Mem. © 
Geol. Surv. r. Dept. Mines (Thailand), no 1, p. 43. 


The mafic and ultramafic rock group consists of diorite, | 
gabbro, and pyroxenite. Locally some of these rocks are serpen- 
tinized. Occurrences of the group are apparently limited to Chang- 
wats Uttaradit and Chiang Rai in northern Thailand. Along the 
lowland of Mae Nam Nan to the northeast of Uttaradit the rocks 
appear as diorite, gabbro and pyroxenite dikes, small plugs and 
stocks intrusive into metasediments probably belonging to the 
Kanchanaburi series. Locally in the serpentine zones such as at 
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Mon Kai Chae and Bo Sam Kha small asbestos deposits occur. 
In hills on the south margin of the Mae Chan flood plain near old 
¡Chiang Saen and along the upper reaches of the Mae Chan and 
the Mae Gok in Changwat Chiang Rai are outcrop-areas of coarse 


al aa gabbro associated with dioritic and granitic intrusives. 


The age relations of these rocks are uncertain, but on the basis 
of available evidence they are tentatively assigned to the Triassic. 
(V. SETHAPUT). 


| 


| PHUKET Smee ee oe ee ee oe eee. Cambrian 


SRESTHAPUTRA (V.), Buravas (S.), Brown (G.F.) (1953). Geo- 
- [logic reconnaissance of the mineral deposits of Thailand. Mem. 
n |geol. Surv. r. Dept. Mines (Thailand), n° 1, p. 30. 


| Beds of metamorphosed sedimentary rocks occupy a large 
‘region along the central axis and west side of peninsular Thailand 
and extend northward into lower Burma. In Thailand the meta- 
sedimentary rocks extend northward from Phuket to the latitude 
of Rat Buri (13°30’ N) and in the vicinity of granitic intrusions 
lin the Khao Luang Moutain chain of eastern Peninsular Thailand. 
The beds stand on edge in most localities so that thickness and 
sequence cannot be determined. LEE (1923, p. 5) describes a section 
of 1220 m in the railroad cuts between Thung Song and Ron 
Phibun. The upper part contains many beds of fine sandstone 
mostly less than 3 cm thick interbedded in shale and gritty shale. 
Most exposures elsewhere are of dark well-bedded schists, slate, 
1 |yuartzite, and argillite. 
An interesting rock composed of black slate or shale contain- 
ing scattered pebbles is exposed on the east side of Phuket Island 
n the west coast of Peninsular Thailand north of Phuket, north- 
ast of Phanganga, and northwest of Chumphon. The pebbles are 
f quartz, quartzite siliceous slate, and medium-grained biotite 
anite. 

The only fossil locality now known is at the northeast pro- 
ontory of Tongkhah Harbor on Phuket Island where « fucoidal » 
pressions were found in a dark grey shale or slate. These 
pressions were examined by H. Duncan of the United States 
eological Survey who reports as follows : 

« The assignment of this problem fossil to Eophyton is probably 
adequate an identification as can be made. MaNsuy (1912, p. 19) 
eferred markings of the same general type to Planolites ? Similar 
pressions are common in lower Paleozoic, especially Cambrian, 
ocks in many parts of the world. Eophyton has been interpreted 
the trails or jelly fish tentacles or algae. In the absence of other 
ossils, a Cambrian age assignment cannot be contradicted. 
suy's material came from the Cambrian of Yunnan (China). » 
The general relations indicate that the Phuket series may be 


“xi e equivalent of the Mergui series, at least in part, of Burma. 
„pii Che Mergui series has been variously assigned ages from pre- 
: e Jambrian to Carboniferous (CHHIBBER, 1934, pp. 184-186). 


(V. SETHAPUT). 
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RAT BURI LIMESTONE ........... Carboniferous-Permian 


SRESTHAPUTRA (V.), Buravas (S.), Brown (G.F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. Mem. 
Geol. Surv. r. Dept. Mines (Thailand), n° 1, pp. 33-36. 

A light gray crystalline limestone capping many hills and 
forming high cliffs is widely distributed through Thailand. Many 
of the limestone massifs are isolated buttes or hills resting on older 
rocks, but limestone terrain extends over large areas in west cen- 
tral Thailand along the west side of the Korat Plateau. In Penin- 
sular Thailand and, to a lesser extent, in northern Thailand, the 
limestone, regions are long, narrow, isolated belts following the 
lineation of the moutain chains. The limestone has seemingly 
been folded and somewhat recrystallised, but generally to a lesser 
extent than the underlying metamorphic and sedimentary rocks. 
LEE (1923, p. 3) measured a thickness of 915 m in Peninsular 
Thailand; CREDNER (1935, p. 19) reported a maximum thickness 
of about 2500 m; and Hócsom (1914, p. 106) estimated the thick- 
ness at Chiang Dao in northern Thailand at 2000 m. Hem and 
HiRscHi (1939, p. 11) gave a thickness of 3000 to 4000 m in the 
range east of Mae Sot, probably an excessive estimate based on 
the assumption, that the limestone stands vertically. In the Khwae 
Yai watershed of western Thailand the minimum thickness is 
752 m. 


The lower part of the limestone contains many thin layers 
and blebs of chert carrying fossils of Permian age. At the type 
locality, Rat Buri, such beds are found lying unconformably on 
top of the Kanchanaburi series, and in turn, the erosional surface 
of the limestone is capped by Triassic sandstone of the Korat 
Plateau type. 

Recrystallisation of the limestone is widespread, at places 
forming marble. Most of the limestone, which might be best 
described as marmorized, ranges in color from light gray to nearly 
white, with many pinkish stringers. Locally, and perhaps in 
extensive beds, it is dolomitic. However, the Permian sequence 
is not everywhere limestone or marble. In Peninsular Thailand 
fusulinids in a calcareous quartzite have been described by 
Newton (1926, pp. 49-64) and LEE (1923, pp. 3-4) found a sand- 
stone and shale sequence 2350 m thick between two light colored 
limestone beds which he believed to be of Permian age. The out- 
crops of Permian strata along the west side of the Korat Pla- 
teau, east of Sara Buri, contain many shale beds; according to 
HóGBOM. | 

Informations now available on the fauna of the Rat Buri 
limestone and its probable age has been summarized by 
DUNCAN : í 

« Studies of fossils collected from the Rat Buri limestone at a 
number of localities indicate that at least part of the formation is 
of Permian age. Most of the collections that have been examin g 
contain genera of fusulinids or corals that in south China are 
considered to be diagnostic of the Yangsinian series, which is 


| 


| 


| 
p 
| 


lassified as Lower Permian and correlated with the Artinskian 
ind Kungurian divisions of the standard Permian section. Assem- 
ages of characteristic Permian brachiopods were obtained at two 
ocalities in Peninsular Thailand. A few collections from the 
xtreme northern part of the country indicate that rocks of Late 
zarboniferous and Permian age (Uralian, as the term is commonly 
ised in southeast Asia) are included in the Rat Buri limestone as 
low mapped. It is also possible that the formation contains equi- 
ralents of the Upper Permian Lopingian series of South China, 
put the faunal evidence is meager and the differences noted in a 
ew assemblages might be due to varying sedimentary facies. » 
At present it is not feasible to define the precise age limits 
the Rat Buri limestone. Most of the collections submitted 
ontain only a small variety of fossils, some, in fact, contain only 
ne specimen. Because detailed stratigraphic data are not avai- 
able, we have no information on the relative position of collec- 
ions with reference to each other or to the formation as a whole. 
‘omprehensive studies of fossil faunas through a number of 
ections are needed before any attempt can be made to distinguish 
aunal zones or to correlate the whole or parts of the Rat Buri 
imestone with the late Paleozoic rocks of neighbouring regions. 
| To document the paleontologic evidence for the preceding 
emarks about the age of the Rat Buri limestone, faunal assem- 
lages that have been identified from localities in three widely 
eparated areas are cited in the following lists. Foraminifera were 
dentified by L.G. HENBEST of the United States Geological Survey; 
rachiopods, by G.A. CooPER of the United States National Mu- 
eum; sponges, corals, and bryozoans by Helen Duncan of the 
Jnited States Geological Survey. 


SOUTHERN THAILAND. 


One collection from Changwat Krabi contains : Sinophyllum 
hultiseptatum Grabau; Sinophyllum n. sp.; Ascopora ? sp.; « Stre- 
otrypa » n. sp.; Dictyoclostus gratiosus (Waagen); Composita sp.; 
honetes aff. C. molengraaffi Broili; Rhipidomella cora (d' Orbi- 
y); Productus opuntia Waagen. 

A collection from another locality in Changwat Krabi con- 

ins: Sinophyllum pendulum simplex Huang; Allotropiophyl- 
m? grabaui Chi; « Rhynchonella >» wynnei Waagen; Leptodus 
nuis (Waagen); Dictyoclostus gratiosus (Waagen); D. spiralis 
aagen); Echinoconchus fasciatus (Kutorga); Derbyia sp.; Hus- 
día sp. 
A collection from a locality in Changwat Trang : Dunbarinella 
; Schwagerina or Dunbarinella sp.; Amplexocarina sp. cf. 
. abichi (Waagen and Wentzel); Fistulipora cf. F. sinensis Yoh; 
omposita aff. C. subquadrata (Hall). 


CENTRAL THAILAND. 


(From an area between Lop Buri and Nakon Sawan) 
One collection from Amphur Koksamrong in Changwat Lop 
uri contains a diversified fauna : Ozawainella sp.; Parafusulina 
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sp.; Schwagerina or Parafusulina sp.; Steinmannia sp.; « Lopho 
phyllid » coral aff. « Lophophyllum » amygdalophylloidea Huang 
Wentzuella aff. W. elegans Huang; Polythecalis cf. P. multicystosi 
Huang; P. cf. P. yangtzeensis polygonalis Huang; Yatsengia n. sp 
Streptorhynchid brachiopod; Composita sp.; Dielasma sp.; « Spi 
rifer » aff. „S. increbescens Hall; Bellerophon sp. 

A fauna composed mainly of fusulinids was obtained a 
Amphur Ta Kli in Changwat Nakhon Sawana: Endothyra ? sp. 
Climacammina sp.; Parafusulina cf. P. gigantica (Deprat); Para 
fusulina or Schwagerina sp.; Ozawainella sp.; Polydiexodina ? sp. 
Stylidophyllum cf. S. gnomeiense Huang. 

A collection from another locality in this area consists of th 
following Foraminifera : Climacammina sp.; Schwagerina or Para 
fusilina sp.; Parafusulina (possibly Schwagerina) sp.; Neoschwa 
gerina or possibly Colania sp.; Verbeekina ? sp. 

Another collection from Amphur Ta Kli contains indetermi 
nate fusulinids and the following corals: Yatsengia cf. Y. counil 
loni (Mansuy). 


NORTHERN THAILAND. 


A small lot of fusulinids obtained from a limestone nea 
Ban Ai was described by Ryúzó Torryama (pp. 243-248) in 1944 
Pseudoschwagerina turbida F. and G. Kahler; P. taiensis Toriya 
ma; Pseudoschwagerina ? sp.; Fusulinella cf. F. chaoi Lee. 

HENBEST also identified Pseudoschwagerina sp. in a sampl 
from Northern Thailand. 

(V. SETHAPUT). 


TERRACE DEPOSITS AND ALLUVIUM ........ Quaternary; 


SRESTHAPUTRA (V.), Buravas (S.), Brown (G.F.) (1953). Geo 
logic reconnaissance of the mineral deposits of Thailand. Mem 
Geol. Surv. r. Dept. Mines (Thailand), n° 1, pp. 41-43. 


Terrace deposits and alluvium are present in almost ever 
stream valley of Thailand although in many places they are onl; 
surperficial veneer. The bulk of alluvial deposits underlies thi 
great central valley of Thailand drained by the Mae Nam Cha 
Phraya. Isolated areas of alluvium many meters thick are als 
scattered over the Korat Plateau; in the larger stream valleys o 
northwestern Thailand; and at various places along the coasta 
plain around the Gulf of Thailand, especially along the east coas 
of Peninsular Thailand. The alluvial deposits are of special interes 
in Peninsular and western Thailand because of the occurrence o 
tin and tungsten placers in them. Unlike the widespread residua 
deposits, including lateritic iron ores, many of these are insuffi: 
cient areal extent. 

Most of the terrace and alluvial deposits are less than 50 n 
thick. Low dissected terraces along the west coast of Peninsula 
Thailand lie 3 to 12 m above sea level and the associated clastics 
which contain important tin deposits, reach a maximum reporte¢ 
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hickness of about 16 m. Along the east coast of Peninsular Thai- 
and the alluvium is a much as 30 m thick and in the great central 
alley of the Chao Phraya a depth of more than 300 m has been 
rilled near Bangkok without reaching consolidated rocks. Qua- 
ernary deposits on the Korat Plateau have been drilled for 
vater to depths of as much as 150 m. Structural basins in north- 
vestern Thailand may contain as much or more debris of Pleisto- 
ene and Recent age. 


The Quaternary deposits are almost all of stream or beach 
rigin. The seaward portion of the Mae Nam Chao Phraya Valley 
loubtless includes beds of deltaic character although little is 
nown about their litology. Wherever the Quaternary deposits are 
xposed they comprise sand, gravel, silt, and clay. The deposits 
upport mostly soils of fine sandy loam, particularly on the Korat 
lateau where the alluvium is originally derived from sandstone. 
n the lower Mae Nam Chao Phraya Valley dark heavy clay over- 
ies marine or estuarine marly beds, sands, and gravel. The clayey 
errains are flanked by sandy loams on each side of the valley as 
ar north as Uttaradit. Locally the subsoil is a pisolitic laterite. 
‘lay and silt, much of which stands in vertical banks resembling 
dess, are exposed along the banks of the Mae Nam Yom and the 
lae Nam Mae Klong and its tributaries, the Mae Nam Khawae 
Joi and Mae Nam Khwae Yai. These soils are calcareous in the 
ower portions, in some places forming marl, in others containing 
mall calcareous concretions similar to those found in loess. 


Characteristically associated with many planated surfaces, 
aarine and fluvial terraces, and elevated mesas or plateaus are 
esidual capping layers of laterite which are generally mottled 
ed and brown, are vesicular or pisolitic, and are composed prin- 
ipally of hydrated oxides of aluminium and iron. Laterite may be 
ormed from rocks diverse in geologic age and in physical or 
hemical character. Conditions favorable for laterite development 
ave been considered (CHHIBER, 1934, pp. 280-281) to include: a 
ropical or subtropical climate subject to alternating wet and dry 
easons; an elevated or gently sloping land surface not subject 
o appreciable erosion; a source rock that contains either or both 
ron oxide and aluminium in appreciable quantities; a source rock 
ossessing or developing a porous texture under weathering so as 
o allow rain water to move through it; infiltrating water that 
emains in the rock pores for an appreciable period but eventually 

ains out of them; infiltrating water containing acid or alkaline 
eagents which act on the rock and electro-kinetic reaction to take 
lace; the continuation of these processes over a long period of 
eologic time. Further more active laterization takes place within 
e zone of fluctuation of the water table so that when this is 
wered by uplift or stream incision the process ceases. Thus in 
1ost places laterite layers are limited to thicknesses no greater 
an 3 to 5 m. 
| During the course of laterization, silica is gradually leached 
t, but aluminium and iron oxydes are concentrated in the super- 
ial layer. Depending on the chemical nature and activity of soil 
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reagents and the original rock constituents, laterites tend on matu- 
rity to develop either an aluminous or a ferruginous character. 
High alumina laterites are apparently not common in the Kingdom, 
but in several places ferruginous laterites form small iron deposits. 
The stage of development of existing laterites in Thailand is appa- 
rently related directly to the physiographic age and position of 
the surface on which they form. Young laterites characterize 
young low level terraces or planated surfaces. At Uttaradit, for 
example, cuts in young laterite show parallel horizontal bands of 
pisolitic ferruginous nodules separated by thin layers of yellow 
and gray clay with pronounced vertical partings. In the same 
vicinity at Wat Kasem a more mature laterite caps a monadnock 
hill 10 to 15 m above the surrounding plain. The capping layer 
has a well-developed vesicular structure, with septa of limonite 
and cavities partly filled with loose nodules of clay. Fossil or 
mature high-level laterites are found as capping layers on uplif- 
ted dissected terraces or other surfaces which have been preserved 
from erosion. Typical of these is the Boh Dam lateritic iron deposit 
which caps a planated terrace remnant cut on folded shale and 
sandstone and lie about 50 meters above a younger erosion surface 
veneered by immature laterite. The Boh Dam laterite has a 
spongy or vesicular structure with septa of limonite and hema- 
tite and relatively little clay in the cavities. 


The only age determination of Quaternary deposits in Thai- 
land known to the writers is based on fossil mammals found in 
gravel excavated for bridge abutments at Nakhon Sawan on the 
banks of the Mae Nam Chao Phraya in the central plain. A Hippo- 
potamus skull and leg bones, a buffalo skull, and an elephant tooth 
were identified by the British Museum of Natural History as of 
the Pleistocene epoch. Although the terraces often show warping 
they are believed to be of late Pleistocene or Recent origin. 


(V. SETHAPUT). 


THUNG SONG LIMESTONE .................. Ordovician 


SRESTHAPUTRA (V.), Buravas (S.), Brown (G.F.) (1953). Geo- 
logic reconnaissance of the mineral deposits of Thailand. y 
Geol. Surv. r. Dept. Mines (Thailand), n “1, pp. 31-32. 


Dark to black limestone crops out along the northern flank 
of Khao Luang in Changwat Surat Thani, at Thung Song railways 
junction, at Ron Phibun, west of Phatthalung, in the vicinity 0 
Satun, and north of Betong near the Malay border, all in the 
southern half of Peninsular Thailand. Farther north, bluish-gray 
crystalline dolomitic limestone found in outcrops on ‘the island d 
Ko Si Chang in the Gulf of Thailand and in low hills just norki 
west of Kanchanaburi, is believed to be of the same age as th 
limestone of the Peninsula. Small disseminated crystals of pyrite 
are common in this limestone, but in contrast very little or n 
pyrite is generally observed in the much younger limestone o 
Permian age. Among the Peninsular outcrops, thin stringers and 
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olebs of a dark purplish-brown calcareous material occur at 
ntervals in the black limestone along bedding planes. 

LIE (1923, pp. 3-4) measured 2, 740 m of evenly bedded lime- 
stone at Thung Song. Clay and sand impurities mark the bedding 
olanes, and thin discontinuous chert layers east of Thung Song 
zontain markings resembling sponge spicules. West of Phatthalung 
LEE found the sandy dark limestone weathering to sand. 

The Thung Song limestone lies above the Phuket series at a 
Buddhist monastery 1,5 kilometers northeast of Thung Song rail- 
way station. It underlies phyllite and quartzite believed to be of 
Silurian and Devonian age on the island of Ko Lanta Yai, south- 
sast of Krabi. At Kanchanaburi it underlies quartzite or sand- 
stone of Silurian age. 

Bryozoans, crinoid stems, fragments of brachiopods, and 
cephalopods were found at Ron Phibun. A cephalopod specimen 
was identified as Actinoceras sp. by Josiah BRIDOE of the United 
States Geological Survey, suggesting an Ordovician or, at least, 
2 lower Paleozoic age. 

(V. SETHAPUT). 
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STRATIGRAPHICAL INDEX 
(Thailand) 


Cambrian : Phuket Series. 

Ordovician : Thung Song Limestone. 
Silurian-Carboniferous : Kanchanaburi Series. 
Pre-Permian : Gneiss and Schists. 
Carboniferous-Permian : Rat Buri Limestone. 


Triassic : Granite (Older); Kamawkala limestone; Mafic an 
ultra-Mafic rocks. 


Triassic-Jurassic : Korat Series. 
Cretaceous : Granite (Younger). 


Tertiary : Andesite and rhyolite porphyries; Basalt; Diorite an 
quartz diorite; Krabi Series; Mae Sot Series. 


Quaternary : Terrace deposits and alluvium. 


ALPHABETICAL INDEX 
(Thailand) 


Andesite and Rhyolite porphyries. 


¡Gneiss and Schist. 

| e (Older and Younger). 
Kamawkala limestone. 
Kanchanaburi Series. 
Korat Series. 

¡Krabi Series. 

‘Mae Sot Series. 

¡Mafic and Ultra-Mafic rocks. 


Older Granite. 
See: Granite. 


Phuket Series. 
Rat Buri Limestone. 


Terrace deposits and alluvium. 
ung Song Limestone. 


‘Younger Granite. 
See: Granite. 
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